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SUMMARY 


A  high  performance  liquid  chromatography  method  for  the  analysis  of 
o-chlorobenzylidcnemalononitrile  and  o-chlorobenzaldehyde  in  soils  was 
developed  under  Task  R902.35.01.  The  precision  and  accuracy  of  the 
developed  method  was  determined  from  the  analysis  of  forty  spiked  soil 
samples  over  the  range  of  1-20  parts  per  million.  The  detection  limit 
at  the  90%  confidence  level,  calculated  by  the  method  of  Hubaux  and 
Vos,  is  2.4  ppm  CEA  and  1.7  ppm  2CBMN. 

Eighteen  field  samples  collected  at  Camp  Simms  were  extracted  and 
analyzed  using  this  method,  as  well  as  a  few  determinations  by  gas 
chromatography  and  mass  spectrometry  for  verification.  No  2CBMN  or 
CEA  was  detected  in  any  of  the  field  samples. 


I .  ANALYTICAL  METHOD 


1.  APPLICATION;  The  method  described  in  this  report  Is  for  the  quan¬ 
tification  of  o-Chlorobenzy tldlnemalononitrlle  (2CBMN)  and  o-Chloro- 
benzaldehyde  (CEA)  In  soils  uslnr  high-performance  liquid  chromatography, 

a.  Tested  Concentration  Range;  The  tested  concentration  ranges 
are  1.2  to  20.0  ppm  (yg/gram  of  soil)  for  CEA  and  1.2  to  18.2  ppm  (yg/ 
gram  of  soil)  for  2CBMN. 

b.  Sensitivity :  A  50-yL  Injection  of  a  calibration  standard 
representing  1.05  ppm  CEA  ^nd  1.25  ppm  2CBMN  gives  an  average 
integrated  response  of  48767  units  and  60788  units  respectively, 

c.  Detection  Limit;  The  detection  limit  calculated  by  the  method 
of  Kubaux  and  Vos  from  soils  is  2.4  ppm  CEA  and  1.7  ppm  2CBMN  at 

the  90%  confidence  level, 

d.  Gas  Chromatography/Mass  Spectrometry;  Data  was  obtained  on 
2CBMN  by  direct  probe  high  resolution  mass  spectrometry.  A  fifty  yL 
portion  of  a  10  ppm  callbiauJon  standard  was  dried  down  to  obtain  tne 
spectra  shown  In  Figures  1  and  2.  CEA  was  evaluated  by  gas  chroma¬ 
tography/mass  spectrometry  using  a  3%  Dexsil  column  operi  ted  at  125‘’C, 

An  example  chromatogram  representing  30  ng  CEA  Injected  directly  is 
shown  in  Figure  3. 

e.  Analysis  Rate;  After  sample  preparation,  one  analyst  can 
analyze  5  samples  per  hour. 

2.  CHEMISTRY 

a,  o-Chlorobenzaldehyde 
CAS  RN  8S-98-5 

Hazardous  characteristics:  Irritant 
Melting  point;  19'’C 
Boiling  point:  213‘’C 
Flash  point;  88°C 

Solubility:  Alcohol,  methylene  chloride 

b ,  o-Chlorobenzylidenemalononltrlle 
CAS  RN  40915-55-7 

Hazardous  characteristics:  Irritant,  extremely  strong  lachrymator 
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FIGURE  1.  Mass  Spectrum  of  2CBMN 
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FIGURE  2.  Peak  Height  Values  for  Spectrum  of  2CB^»N 
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Melting  point:  9U°C 
Boiling  point;  310®C 

Solubility:  Alcohol,  methylene  chloride 
Vapor  pressure  at  25®C:  'uO.7  mg/m^ 

APPARATUS 

a.  Instrumentation :  Waters  Assoc.,  High  Performance  Liquid 
Chromatograph  Model  6000A  with  variable  wavelength  UV  detector. 

b.  LC  Parameters: 

(1)  Column  -  p~Bondapak  CN  (Waters  Associates) 

(2)  Mobile  Phase  -  207.  (v:v)  methylene  chloride  in  hexane 

(3)  Flow  Rate  -  1.0  mL/min 

(4)  System  Pressure  -  Varied  from  100  to  450  psi  depending 
upon  most  recent  column  flush  with  methanol 

(5)  Detection  -  Ultra-violet  at  260  nm;  0.01  absorbance 
units  full  scale. 

(6)  Injection  Volume  -  50  pi.  into  a  2  ml.  injection  loop 
(Rheodyne  Model  7120) 

(7)  Retention  Times:  O-chlorobenzaldehyde  -  235  seconds; 
o-chlorobenzylldinemalononitrile  -  310  seconds 

c.  Hardware /Glassware 

(1)  Soxhlet  extraction  apparatus;  (per  sample) 

a.  250  mL  flat-bottom  reflux  flash,  *24/40 

b.  Siphon  extracccr  S24/40  at  bottom 

c.  Overhead  condenser  #45/50 

(2)  250  -mL  separatoi'y  funnel  witu  Terrou  sLopcoctc 

(3)  Steam  bath  plate 

(4)  Kuderna-Danish  apparatus 

a.  10-roL  graduated  ampule  #24/40 

b.  500-mL  collection  flask.  124/40 

c.  3-ball  Snyder  column  124/40 

d.  Security  springs;  2  per  ampule 

(5)  2-mL  volumetric  flask 

(6)  10-mL  volumetric  flask 
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(7)  three  1-niL  volumetric  flasks 

(8)  50-mL  volumetric  flask 

(9)  lOO-pL  syringe 

(10)  Extraction  thimbles,  Whatman  cellulose  35  x  9A  ran  (ID) 

(11)  Clean  glass  vfool 

d.  Chemicals 

(1)  Anhydrous,  granular  sodium  sulfate,  ACS  grade. 

Wash  by  Soxhlet  extraction  in  methylene  chloride  overnight; 
oven  dry. 

(2)  Methylene  chloride,  HPLC  grade 

(3)  Hexane,  HPLC  grade 

(4)  Methanol,  HPLC  grade 

(5)  o-Chlorobenzaldehyde;  Army-205-PA-271 

(6)  o-Chlorobenzylidenemalononltrlle;  Anny-1206-PA-272 

4.  STANDARDS 

a.  Calibration  Standards  for  Liquid  Chromatograph 

(1)  Master  Stock;  Approximately  100  mg  CEA  and  100  mg  2CIJMN 
are  weighted  into  a  tared  1-mL  volumetric  flask  and  diluted 
to  1  inL  with  methylene  chloride. 

(2)  Calibration  Stock:  Dilute  250  pL  of  the  Master  Stock  to 
50  idL  using  20%  (v:v)  methylene  chloride  in  hexane. 

(3)  Working  Standards:  A  minimum  of  three  working  calibration 
standards  should  be  made  daily  and  chromatographed  before 
and  after  the  soil  sample  extracts.  They  are  made  by 
diluting  uL  quantities  of  calibration  stock  (2)  in  1  mL 

of  20%  methylene  chloride  in  hexane,  as  shown  below. 


yL  of  Calibration 
Stpek  in  1  mL 

Us/niL 

’* 

.  _P2m  . 

yg/mL  Pimi  | 

Cal  1  10 

5.00 

1.00 

Cal  2  100 

50.00 

10.00 

Cal  3  200 

100.00 

_  __J 

20.00 

20.00 

^ppin  value  based  on  50  grams  soil 
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b .  Spiking  Standards 


(1)  CEA  Spike:  Weigh  out  approximately  100  mg  CEA  and  dilute 
to  1  mL  with  methylene  chloride. 

(2)  2CBMN  Spike:  Weight  out  125  mg  2CBMN  and  dilute  to 
1  mL  with  methylene  chloride. 

(3)  Spike  Levels.  Field  samples  are  air  dried  overnight  and 
separated  into  50  gram  portions.  Spiked  samples  are 
prepared  by  injecting  pL  quantities  of  CEA  spike  (1)  and 
2CBMN  spike  (2)  Into  each  SO-gram  sample  as  shown  below. 


Level 

— 

pL  CEA  (1) 

50  grams  soil 

ppm  Value 

— 

pL  2CBHN  (2) 

50  grama  soil 

— 

ppm  Value 

A 

0 

0 

0 

0 

B 

0.5 

1.0 

0.5 

1.25 

C 

4 

8.0 

2 

5.0 

D 

6 

12,0 

4 

10.0 

E 

8 

16.0 

6 

15.0 

tr 

1  0 

A 

Ct 

OA  A 

A 

*  V 

5.  SAMPLE  PREPARATION 

a.  Extraction;  One  Soxhlet  extraction  apparatus  is  required  for 
each  of  th'^  10  samples  prepared  on  a  daily  basis.  Transfer  entire  soil 
sample  to  an  extraction  thimble  and  cover  the  top  with  glass  wool  to 
prevent  sample  loss.  Add  'v200  mL  of  methylene  chloride  to  the  flat- 
bottom  reflux  flask  and  connect  the  three-tier  Soxhl-  t  together.  Set 
lieatXug  unit  at  an  appiupriate  setting  and  allow  the  Soxhiets  to  extract 
overnight  (or  'ub-S  hours).  Make  sure  the  condenser  hoses  are  secure  and 
the  water  flow  is  sufficient. 

b.  Drying :  In  a  250-mL  separatory  frnnel  with  a  glass  wool  plug 
and  Teflon  stopcock  add  '\i20  grams  of  cleon  sodium  sulfate.  Pass  the 
soil  extract  through  the  sodium  sulfate  by  adding  small  quantities  to 
the  separatory  funnel  and  collecting  the  dried  extract  lii  an  appropriate 
container  dropwise  until  the  entire  sample  has  eluted.  Rinse  the 


sulface  3  times  with  a  small  amount  of  methylene  chloride  and  add  the 
washes  to  the  dried  sample. 

Concentrating  *  One  Kudei na-Danish  (K-D)  set~up  is  required 
for  each  soil  extract.  Connect  the  lO-mL  ampule  to  the  collection  flaak 
and  secure  the  connection  with  2  springs.  Add  the  methylene  chloride  to 
the  collection  flask  and  connect  the  3-ball  Snyder  column.  Concentrate 
the  samples  using  steam  to  less  than  2  ml  with  rinsing,  and  remove  from 
heat. 

Final  Sample  Preparation:  Transfer  the  concentrated  extract 
to  a  2-mL  volumetric  flask  and  dilute  to  2  ml  with  methylene  chloride. 
Then  transfer  the  entire  2  mL  sample  to  a  lO-ml.  volumetric  and  dilute 
to  mark  with  herane.  This  will  give  a  20%  solvent  mix  to  resemble  the 
mobr'le  phase  used  during  analysis. 

e.  Analysis :  A  series  of  instrument  calibration  standards  la 
prepared,  as  outlined  above,  and  analyzed  during  the  same  time  period 
as  the  soil  extracts.  Curves  are  established  by  plotting  concentration 
in  mg/mL  versus  peak  area.  All  calibration  standards  and  samples  should 
be  analyzed  in  duplicate.  In  addition,  after  the  first  day  of  the 
program,  one  sample  from  the  previous  day  is  analyzed  in  duplicate  to 
monitor  day-to-day  response.  Chromatograms  of  calibration  standards 
and  spiked  soil  samples  used  to  generate  precision  and  accuracy  date 
are  shown  in  Figures  A  and  5  respectively.  CEA  elutes  in  approximately 
A  minutes  and  2CBMN  elutes  in  approximately  5  minutes  using  the  condi¬ 
tions  outlined  in  this  report. 

6.  CALCULATION:  Read  the  concentration,  in  mg/mL,  corresponding  to 
the  sample  peak  area  from  the  standard  curve.  Multiply  the  mg  found  by 
10  to  obtain  the  total  mg  in  the  final  extract  volume  of  10  mL.  This 
is  equivalent  to  mg  per  50  grams,  since  50  grams  of  soil  was  extracted 
initially.  To  obtain  part-per-mllllon  values  (mg/kg)  multiply  the 
mg/50  g  by  20. 

For  these  validation  studies,  the  ppm  levels  (spiked  versus  Found) 
were  plotted  by  the  method  of  Hubaux  and  Vos  to  obtain  detection  limits, 
precision  and  accuracy  of  the  method.  The  results  of  the  precision  and 
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FIGURE  4.  HPLC  Chroniatogram  of  CEA  and  2CBMN 


FIGURE 


5  HPLC  Chromatogram  of  CEA  and  2CBMN 
Spiked  Soil  Sample 
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accuracy  tests  for  CEA  and  2CBMN  may  be  found  In  Appendices  A  and 
respectively. 

7,  REFERENCE :  NIOSH  Manual  of  Analytical  Methods,  Volume  5,  pp. 
to  304-10.  Date  Issued:  4/79. 


II.  FIELD  SAMPLE  ANALYSIS 


This  section  of  the  report  summarizes  experiments  performed  on  sclr 
samples  collected  at  Camp  Simms  and  analyzed  for  o-chlorobenylident.- 
malononitrile  (2CBMN)  and  o-clilorobenzaldehyde  (CEA) ,  Samples  Vvere 
analyzed  initially  by  high  performance  liquid  chromatography  (HPLC) . 

Field  samples  were  collected  by  USATHAMA  personnel  in  a  50'  x  150'  area 
shown  on  the  map  in  Figure  6.  A  total  of  eighteen  samples  were  collected 
and  shipped  to  A.rthur  D,  Little,  Inc,,  for  analysis.  Of  the  samples 
without  any  interference  present,  not  more  than  2  ppm  of  2CBMN  or  CEA 
was  present  based  on  detection  limits  calculated  by  the  method  of  Hubaux 
and  Vos.  Two  field  samples  were  also  analyzed  by  high  resolution  mass 
spectrometry  and  gas  chromatography/mass  spectrometry  to  confirm  these 
results.  Finally,  six  field  samples  were  analyzed  by  gas  chromatography/ 
flame  ionization  detection  which  confirmed  the  absence  of  any  CEA  in 
these  samples.  Details  of  each  of  these  experiments  may  be  found  on 
the  following  pages, 

A.  Sample  Preparation  and  Analysis 

All  samples  were  extracted  and  analyzed  by  the  method  described  earlier 
in  this  report.  Briefly,  50  g  samples  were  extracted  overnight  in 
Soxhlet  extractors  with  methylene  chloride,  followed  by  Kuderna-Danish 
concentration  to  a  final  volume  of  10  mL.  After  drying  with  sodium 
sulfate,  the  extracts  were  analyzed  by  reverse  phase  HPLC  using  a  p- 
Bondapak  CN  column  and  UV  detection  at  260  nm.  The  mobile  phase,  flowing 
at  1.0  mL/min,  was  20%  methylene  chloride  in  hexane. 

B.  Quality  Control 

The  submitted  field  samples  were  analyzed  in  conjunction  with  a  complete, 
quantitative  set  of  QC  spiked  soil  samples  prepared  as  part  of  the  on¬ 
going  method  validation  effort  for  CEA  and  2CBMN.  Complete  QC  data  may 
be  found  in  Appendices  A  and  B.  The  detection  limit  at  the  90%  confi¬ 
dence  level,  calculated  as  outlined  in  the  USATIL^MA  QA  protocol  of 
May  1980,  Is  2.4  ppm  CEA  and  1.7  ppm  2CBMN, 


12 


C.  Results  and  Discussion 

The  results  of  the  HPLC  analysis  of  submitted  field  samples  are  shown 
in  Table  1.  For  several  of  the  samples,  an  asterisk  has  been  placed  in 
the  column  under  CEA  due  to  an  interference  problem  encountered  during 
the  analysis  which  obscured  the  CEA  peak.  An  example  chromatogram  of  a 
sample  with  the  interference  is  shown  in  Figure  7. 

In  order  to  identify  the  interference  and  to  ascertain  whether  any  2CBHN 
or  CEA  was  present  in  the  samples,  two  samples  were  analyzes  by  both 
high  resolution  mass  spectrometry  to  detect  the  2CBMN  and  by  gas  chroma¬ 
tography/mass  spectrometry  to  detect  the  CEA,  No  2CBMN  or  CEA  was  detected 
in  either  sample.  The  spectra  obtained  are  shown  in  Figures  8-11.  From 
these  analyses,  no  predominant  organic  species  emerged  which  could  ex¬ 
plain  the  interference  encountered  during  the  HPLC  analyses,  suggesting 
that  th:'  interference  was  an  analytical  problem  rather  than  an  environ¬ 
mental  problem. 

Based  on  information  gained  during  the  GC/MS  analysis,  it  was  decided 
to  analyze  the  extracted  field  samples  which  showed  an  interfering  peak 
by  gas  chromatography  using  a  flame  ion.'.zation  detector.  While  this 
method  is  not  as  sensitive  as  the  HPLC  method,  the  CEA  peak  was  not 
obscured.  "Limited  analysis"  quality  control  as  defined  in  the  USATHAMA 
QC  Plan  of  May  1980  was  performed  in  conjunction  with  these  analyses. 

The  detei^tion  limit  at  the  90%  confidence  level  for  Che  GC/FID  method  is 
JA.6  ppm  CEA.  No  CEA  was  detected  in  field  samples  CSSIO,  16,  17,  20, 

22,  or  23.  The  chromatograms,  data  and  Hubaux  and  Vos  plots  are  shown 
in  Appendix  C, 
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TABLE  1 


Camp  Slnuns  Field  Sample  Results  by  HPLC 


mplc  No. 

ppm  OCR 

ppm  CS 

CSSOl 

ND 

ND 

CSS02 

ND 

ND 

CSS03 

ND 

ND 

CSS08 

ND 

ND 

CSS09 

ND 

ND 

CSSIO 

ND 

ND 

CSS14 

ND 

ND 

CSS15 

ND 

ND 

CSS16 

■k 

ND 

CSS17 

* 

ND 

CSS18 

broken  in 

transport-— 

C3S19 

ND 

ND 

CSS20 

* 

ND 

CSS21 

ND 

ND 

CSS22 

* 

ND 

CSS23 

* 

ND 

CSS24 

* 

ND 

CSS25 

ND 

ND 

ND  •=  None  detected 

x(d)  =  2.4  ppm  CEA 
x(d)  ■=  1.7  ppm  2CBMN 
*  =  Interference  present 
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COHSIHEO  DATA  ALL  RUNS 
TARGET  CONCENTR 
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